AMENDMENTS TO THE SPECIFICATION 

Please replace the six paragraphs beginning on page 1, line 23 and continuing onto page 
3 with the following amended paragraphs: 

If a bank Is in a state where the bank has been already pre-charged and closed, the 

same bank, when being accessed next time, can be accessed at a constant speed 

regardless of its address. However, in a case where a bank has not been pre-charged but 

has been opened, if a same page as its bank has previously opened is to be accessed, since 

opening of the page is not required, the bank can be accessed speedily when compared 

with the-ea so where t he bank that has been closed. However, when accessing a page that 

is different from a page whose bank has been opened is to be accessed, since the page to 

which access is obtained has 1;o-fee--opened after the bank has-been-pre-eharged, the bank 

can-will be accessed at a slower speed when compared w&h- the cas ewheretg the closed 

bank^ ias been clo sed because the accessed page must be opened after the bank has been 

pre-charged. 

Access to a sameFinding data on a given page is called a "hit" and access to a 
different page failure to find data on a given p age is called a "miss". 

A memory control device employing a conventional open page policy , wherein 
access efficiency is improved by changing t h e time at which a bank is closed according to 
a numb er of hits to the bank, is disclosed in y^^h^eess-effieiency is improved-by 

banfe{Japanese Patent Application Laid-open No. 2001 -166985). 

Both the closed page policy and open page policy have problems, r Tha Hs, the The 
closed page policy heightens access performance when a-the probability of a hit is low, 
while the open page policy heightens the-access performance when a probability of the 
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hit is high. However, neither the clos e d - page policy nor the open- page peliey-gan 
mafeewill enable a s ystem to the access performance reach its theoretical limit for access 
performance . 

: fhc conventional memory control device ha5 ^ pr^btem -- ^ha^i s^ Further, in the -a 
memory control device employing the -a n open page policy, wherein the time at which in 
which timing with which a bank is closed is changed according to the number of hits to a 
the bank, since 4h e' banfe4 s - alway s- fc e pt -o ponod after access has been obtained, if a-miss 
is misses are found continuously in a short interval, the access efficiency o f t he device 
willis not improved because the bank is always kept open after each access attempt . 

Moreover, the conventional memory control device has another problem. That is, 
when the shortest tmrng -tiine with which a bank is closed is set to be shorter than an 
interval for access to a memory, since the operation becomes the same as in the case that 
of the closed page policy, if many hits are found, there is no improvement of access 
efficiency. 

Please replace the paragraph beginning on page 3, line 8 with the following amended 
paragraph: 

In view of the above, it is an object of the present invention to provide a memory 
access control device capable of enhancing memory access efficiency by predicting 
whether or not a hit is found in ^subsequent access. 

Please replace the two paragraphs beginning on page 3, line 18 with the following 
amended paragraphs: 

a hit predicting unit to predict whether or not next access to each bank in memory 

beeemes-is_access to a same page; 
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wherein the memory control unit, when a hit predicting unit predicts that a next 
access to the bank will be directed to a same page, that is, that a hit is found, terminates 
its routine without closing a bank being presently accessed at the time of completion of 
present access operations and, when the hit predicting unit predicts that next access to the 
bank becomes isaccess to a different page, that is, that a miss is found, closes the bank 
being presently accessed at the time of completion of present access operations and 
terminates its routine. 

Please replace the paragraph beginning on page II, line 16 with the following amended 
paragraph: 

A memory master 1 outputs a request signal requesting a right to use memory, an 
address signal, a read / write signal showing types of accesses, a word length signal 
indicating the number of words to be accessed, a write data signal, and a data mask signal 
to the memory control section 3. The memory master 1 also receives an acknowledge 
signal and a read data signal indicating acquisition of a memory righ^firom the memory 
control section 3, 

Please replace the three paragraphs beginning on page 12, line 3 with the following 
amended paragraphs: 

A hit predicting section 4 outputs a plurality of hit prediction results to the 

memory control section 3. The number of hit prediction results is the same as the total 

number of banks in all memories being connected. For example, if two memories 5 and 6^ 

each being made up of four banks a are connected, since an entire system has eight banks, 

the prediction number obtained as the hit prediction results becomes eight. 
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The memory master 1, when access to memory is required, asserts or initiates a 
request signal and, at the same time, outputs an address signal, a read / write signal, a 
word length signal, a write data signal, and a data mask signal in a predefined format. 

The memory control section 3, when the request signal fed from the memory 
master 1 is asserted, receives the address signal, the read / write signal, and the word 
length signal* and produces a control signal for memory if the read / write signal indicates 
"write access" to get access for writing and, if the read / write signal indicates "read 
access", to get access for reading. 

Please replace the paragraph beginning on page 13, line 10 with the following amended 
paragraph: 

Moreover, though the memory control section 3 determines whether or not to 
close a bank being presently accessed -is- closed by making a reference to the bank storing 
the last data, if the next data is stored in a bank different from the bank being presently 
accessed, the memory control section 3 determines whether or not to close the bank being 
presently accessed is closed by making a reference to the hit prediction result fed from 
the hit predicting section 4. 

Please replace the paragraph beginning on page 13, line 24 with the following amended 
paragraph: 

The memory control section 3 ? stores a page address of each bank that was 

accessed last. If the p age- address indicates, at At a time of starting a next access, if the 

page address indicates the same page as that having been accessed the previous time, the 

memory control section 3 asserts a hit signal corresponding to a bank. 

Please replace the two paragraphs beginning on page 14, line 1 with the following 
amended paragraphs: 
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Moreover, the memory c o ntrol section S^ at a time of starting an access, if the 
page address indicates a page different from the page having been accessed the previous 
time, the memory control sec tion 3 asserts a miss signal corresponding to a bank. 

The time when access is started includes not only atime when first access is 

started after a request signal fed from the memory master 1 has been asserted but also a 

time when the next access is started upon completion of storing of if-each of data being 

presently accessed and data to be accessed nex t is stored in each of different banks before 

access to a length of words indicated by a word length signa l is completed . 

Please replace the two paragraphs beginning on page 15, line 7 with the following 
amended paragraphs: 

Moreover, after this, if a miss signal is asserted, the number of times of asserting 
hit signals is four in the most recent eight times asserting operations,, and if not-instead of 
a miss signal feut-a hit signal is asserted, the number of times of asserting hit signals is 
five and no change occurs. Moreover, V is determined at the time of system design and 
"m" is made variable depending on setting. 

Next, operations of the hit predicting section 4 corresponding to another 
embodiment shown in Figure 2 will be described. The hit - pred i ctin g se ction 4 , 
ever yEvery time a hit signal or a miss signal fed from the memory control section 3 is 
asserted, the hit predicti ng section 4 stores the result of the assertion, corresponding to the 
number of times of asserting the signals in recent "j" ("j" denotes a natural number) 
asserting times for each bank. 

Please replace the two paragraphs beginning on page 16, line 3 with the following 
amended paragraphs: 
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Moreover, after this, if a miss signal is asserted, the number of times of asserting a 
hit signal is three in the most recent four times asserting operations, so that a hit 
prediction result of the bank indicates that a miss is found. If net-instead of a miss signal 
but-a hit signal is asserted, a hit prediction result of the bank indicates that-a hit remain s 
te-beis found. Moreover, "j" is made variable depending on setting. 

Next, operations of the hit predicting section 4 corresponding to yet another 
embodiment shown in Figure 2 will be described. The hit predicting section 4 , 
evei yEvery time a hit signal or a miss signal fed from the memory control section 3 is 
asserted, the hit predicting section 4 stores the result of the assertion, corresponding to the 
number of times of asserting the signals in recent "k" ("k" denotes a natural number) 
times asserting operations for each bank. 

Please replace the two paragraphs beginning on page 16, line 28 with the following 
amended paragraphs: 

Moreover, after this, if a hit signal is asserted, the number of times of asserting a 
miss signal is three in the most recent four times asserting operations, a hit prediction 
result of the bank indicates that a hit is found. If net- instead of a hit signal fe^a miss 
signal is asserted, a hit prediction result of the bank indicates that a miss remains to be is 
found. Moreover, "k" is made variable depending on setting. 

Next, operations of the hit predicting section 4 corresponding to still another 
embodiment shown in Figure 2 will be described. Th e- h&pr e dictin g soetietH^ 
eveFy Every time a hit signal or a miss signal fed from the memory control section 3 is 
asserted, the hit predicting section 4, stores the result of the assertion, corresponding to the 
number of times of asserting the signals in recent "n" ("n" denotes a natural number) 
times asserting operations for each bank. 
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Please replace the paragraph beginning on page 1 7, line 26 with the following amended 
paragraph: 

The hit predicting section 4 judges whether the number of times of asserting a hit 
signal for each bank is "m" times or more (m S n : "m" and "n" each is a natural 
number) in recent "n" times asserting operations and, if the number of times of asserting 
a hit signal is cc m" times or more, outputs information indicating that a hit is found as a 
hit prediction result and, if not, outputs , if NOT, information indicating that a miss is 
found. 

Please replace the three paragraphs beginning on page 19, line 15 with the following 
amended paragraphs: 

The memory control section 3, when getting access to the last data, determines 
whether or not a to close bank being presently accesse d i s clo se d depending on a hit 
prediction result fed from the hit predicting section 4. At this point, the m e mory contro l 
section 3, if the memory master 1 outputs a next address confirming signal and when a 
bank and a page indicated by its next address signal are matched to the bank and the page 
being presently accessed, the memor y control section 4 terminates its routine without 
closing arthe bank being presently accessed, regardless of a hit prediction result fed from 
the hit predicting section 4. 

On the other hand, the me m or y c o ntrol section-awhile the memory master 1 
outputs an address confirming signal and if only the bank, eut-of the bank and the page 
indicated by its address signal, is matched to the bank, eut~of the bank and the page being 
presently accessed, and if the page, ou^of the bank and the page indicated by its address 
signal, is not matched to the page, eu^of the bank and the page being presently accessed, 
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the memory cont rol section 3 closes the bank being presently accessed and terminates its 
routine, regardless of a hit prediction result fed from the hit predicting section 4. 

For example, tet-k--be-a-s^meda ssume that the memory master 1 is now getting 
access to a bank and a page and its last address is a bank 0 and a page 0. If the memory 
master 1 has asserted a next address confirming signal and if both a bank and a page 
indicated by a next address signal fed from the memory master 1 are 0, the memory 
control section 3 terminates its routine without closing the bank 0 at the time when the 
memory master 1 completes its access, regardless of a hit prediction result fed from the 
hit predicting section 4. 

Please replace the paragraph beginning on page 20, line 20 with the following amended 
paragraph; 

If the bank 0 has-had been closed at the time when the memory master 1 

completes its access, access to memory has -would have to be started after having made 

the bank 0 active and time is spent before the next access to memory is started. 

Please replace the paragraph beginning on page 21, line 14 with the following amended 
paragraph: 

Each of the memory masters 1-1 to 1-4 outputs a request signal for requesting a 
right of - usin gto use memory, an address signal, a read / write signal showing a type of 
access, a word length signal showing the number of words to be accessed, a write data 
signal, and a data mask signal to an arbiter section 2 and receives an acknowledge signal 
showing acquisition of using-memory for use and read data signal from the arbiter section 
2. 

Please replace the paragraph beginning on page 21, line 2 with the following amended 
paragraph; 
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Though the memory master 1 next gets access to the bank 0 in memory, since the 
bank 0 faas- had been closed^ after previous access by the memory master 1 has-had been 
completed, the bank 0 is immediately made active and 3 after the bank 0 has been made 
active, memory can be accessed. 

Please replace the two paragraphs beginning on page 23, line 4 with the following 
amended paragraphs: 

As a method for selecting one memory master from two or more memory masters, 
there is a method by which one memory master is selected according to a predetermined 
priority order, a method by which one memory master in priority order most fanremoved 
or farthest from the time when last access is obtained is selected according to a round- 
robin method, and the like. 

The memory control section 3, when a request signal fed from the arbiter section 
2 is asserted, receives an address signal, a read / write signal, and a word length signal, 
and produces a control signal for memory to get write access, if a read / write signal 
indicates writoaccess w rite-access , and, to get read access if the read / write signal 
indicates read-access. 

Please replace the two paragraphs beginning on page 25, line 20 with the following 
amended paragraphs: 

The memory control section 3, when last data is accessed, determines whether or 

not to close a bank is closed or not by making reference to a hit prediction result fed from 

the hit predicting section 4. At this point, if there is one or more of the memory masters 

that are outputting a next address confirming signal and if there is a memory master in 

which both the bank and the page indicated by its next address signal are matched to both 

the bank and the page being accessed presently, the memory control section 3 terminates 
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its routine without closing the bank being presently accessed, regardless of a hit 
prediction result fed from the hit predicting section 4. Also, the arbiter section 2, when 
selecting a memory master that accesses memory next, selects a memory master in which 
both the bank and the page indicated by the next address signal are matched to both the 
bank and the page being accessed presently. 

On the other hand, th e- m e mery ^e ntrol section 3, if there is one or more memory 
masters that are outputting a next address confirming signal, and if there is a memory 
master in which only the bank, eut-of the bank and the page indicated by its next address 
signal, is matched only to the bank, and the page, eut~of the bank and the page indicated 
by its next address signal, is not matched to the page being accessed presently, the 
memory co ntrol section 3 closes the bank being accessed and terminates the memory 
control section's routine, regardless of a hit prediction result fed from the hit predicting 
section 4. 

Please replace the paragraph beginning on page 27, line 23 with the following amended 
paragraph: 

Even-iflf either a memory master 1-2 or a memory master 1-3 subsequent to the 

memory master 1-1 is selected, access is obtained to the bank 0 in memory. However, 

since the bank 0 is closed, after the memory master 1-1 has accessed the bank, the bank 0 

can be made active and, after the bank 0 has been made active, memory can be accessed. 

Please replace the paragraph beginning on page 28, line 10 with the following amended 
paragraph: 

Moreover, the hit predicting section 4 has blocks, each of which has the 
configurations shown in Fig. 7, bemg-equal in number to the banks.* which are not shown. 
In addition to this, the hit predicting section 4 also has a section (not shown) to receive an 
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instruction for setting of "k-1", and "rn" (instruction for setting £t k", and "m") 
and to hold these set values. 

Please replace the paragraph beginning on page 31, line 3 with the following amended 
paragraph: 

When a hit is predicted, no pre-charge is performed at the time of completion of 
access. If a miss occurs in the next access, after pre-charge command (#RAS and #WE 
are made LOW at the same time) has been issued, issuance of the LOW active command 
(#RAS is made LOW) following switching of AO to A9 to LOW address is required, so 
that the next access is obtained later. 
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